III. Specification of Ambient Radiation Levels
For the purpose of radiation protection, limits are stated in terms of dose equivalent. Hence, this quantity, together with the underlying concept of absorbed dose, is of primary importance. However, the value of the dose equivalent in an organ can rarely be determined directly and must usually be derived from measurement of other quantities and at other locations. It is frequently adequate to specify radiation levels by means of a quantity that furnishes at least an approximate indication of the maximum absorbed dose that might be received if an individual were at some particular location. This maximum is of particular interest because organs of high radiosensitivity can be found at various depths in the body.
As a first step toward obtaining such a maximum absorbed dose, the exposure free in air for x and gamma rays and the kerma for all other uncharged ionizing particles is determined. For unidirectional incident radiation, the magnitude of these quantities is usually judged to provide adequate approximations l4 to the magnitude of the maximum absorbed dose in the body. However, for radiation that is not unidirectional, they may provide an estimate of the maximum absorbed dose for the body which is too high. In addition, particularly for photon energies of the order of 100 keY, the maximum absorbed dose in the body may be larger than that inferred from a measurement of either kerma or exposure free in air because of scattering within the body. Moreover, exposure and kerma are not defined for charged particle radiation.
In general, the maximum absorbed dose for a given radiation field depends upon the size and material of the phantom in which it is determined. Thus, for the specification of the ambient radiation field for protection purposes, it is appropriate to provide a tissue-equivalent phantom whose dimensions are comparable with those of the human body. To eliminate the need of specifying an orientation of this phantom with respect to the radiation field, it is convenient to make the phantom spherical. In most practical situations, the maximum absorbed dose or dose equivalent in such a phantom is adequately comparable to that obtained in the human body placed at the same location.
To meet the need for the characterization of ambient radiation levels at any location for purposes of radiation protection, the quantities absorbed dose index, D], and dose equivalent index, HI, are defined below. In this approach, the maximum absorbed dose in the soft tissue of the human body is approximated by the maximum absorbed dose in a sphere of tissue-equivalent material [4J. The approach may be useful in circumstances where it is difficult to estimate the maximum absorbed dose and dose equivalent in the externally irradiated human body from measurements in air or on the surface of the body. It is recognized, however, that it may be inappropriate in other circumstances where different phantoms may be necessary. Local irradiation of the extremities can present such a case.
1. The absorbed dose index , D I, at a point is the maximum absorbed dose within a 30 cm-diameter sphere centered at this point and consisting of material equivalent to soft tissue with a density of 1 g cm-: l .
Unit: J kg-1
The special name for the unit of absorbed dose index is gray (Gy) .
1 Gy = 1 J kg-I The special unit of absorbed dose, rad, may be used temporarily.
1 rad = 10-2 J kg-I Notes: (a) As the outer approximately 70 jlm thick layer of the skin is composed of dead cells, the magnitude of the absorbed dose in the outer 70 jlm thick layer of the sphere is ignored in determining the absorbed dose index.
(b) For this purpose, the composition of sQft tissue is taken as:
Trace elements are generally not considered important for these dosimetric purposes and have been ignored. In practical measurements, materials having a density somewhat different from 1 g cm-: l and elemental compositions somewhat different from those specified above can be used to achieve adequate accuracy.
(c) This definition applies to all ionizing radiations and one may distinguish the various components of a complex radiation field by indicating, for example, the gamma ray D I , neutron D I , proton D" etc.
(d) It should be noted that the maximum absorbed dose due to components of the radiation may occur at different locations in the sphere. Hence, the D, for the radiation field as a whole is generally less, and never more, than the sum of the values for its components.
(e) When little or nothing is known about the incident radiation field I ", the absorbed dose index, Ih may need to be determined by exploration in a spherical phantom of 80 em diameter. However, when the composition of the radiation field is adequately known, D, may usually be derived with sufficient accuracy from measurements employing instruments having several wall thicknesses. Trace elements are generally not considered important for these dosimetric purposes and have been ignored. In practical measurements, materials having a density somewhat different from 1 g cm-: l and elemental compositions somewhat different from those specified above can be used to achieve adequate accuracy.
The
(c) This definition applies to all ionizing radiations and one may distinguish the various components of a complex radiation field by indicating, for example, the gamma ray H " neutron H " proton H " etc.
(d) It should be noted that the maximum dose equivalent due to each of the component radiations may occur at different locations in the sphere. Hence, the H, for the radiation field as a whole is generally less, and never more, than the sum of the values for its components.
(e) When little or nothing is known about the incident radiation field I '\ the dose equivalent index, HI, may need to be determined by exploration in a spherical phantom of:3O em diameter. However, when the composition of the radiation field is adequately known, H I may sometimes be derived with sufficient accuracy from measurements employing instruments having several wall thicknesses.
(f) As the dose equivalent in the sphere usually decreases with depth in the sphere, and as higher dose L', Such as in the em'ironme nt of very hi~h ener~:-' accelerators or in space. equivalent limits are usually given for organs near the surface of the body [4] , it is convenient to divide the sphere into two outer shells and a core. The outermost shell has a thickness of 70 J.Lm and, as indicated in note (a) of this definition, values of dose equivalent in this shell are ignored. The second shell extends from a depth of 70 J.Lm to 1 cm. The maximum dose equivalent in this shell is termed the shallow dose equivalent index, HI,s, The maximum dose equivalent in the core is termed the deep dose equivalent index, HI,d. Collectively, these two indices are termed the restricted dose equivalent indices.
In general, the maximum values of the quality factor (Qmax) and the absorbed dose (Dy) occur at different locations in the sphere and, therefore, the location of maximum H can be different from that of the maximum D. However, QmaxDI will not underestimate HI. Other III. Specifications of Ambient Radiation Levels . •. 21 methods of assessing HI with adequate accuracy include multiplication of DI for the various components of a complex radiation field by their applicable Qmax and subsequent summation. 4. The dose equivalent index rate, fI I, is the quotient of dH I by dt, where dH I is the increment of dose equivalent index in the time interval dt. fI _ dH1 1-dt Unit: J kg-1 S-l The special name, sievert (Sv), may be substituted for joule per kilogram.
1 Sv S-l = 1 J kg-1 S-I
The special unit of dose equivalent index, rem, may be used temporarily.
1 rem S-I = 10-2 J kg-1 S-l 
